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SEMICONDUCTOR DEVICE,
SEMICONDUCTOR SYSTEM, AND METHOD
OF OPERATING THE SEMICONDUCTOR
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 62/286,873 filed on Jan. 25, 2016,

U.S. Provisional Patent Application No. 62/286,860 filed on
Jan. 25, 2016 1in the United States Patent and Trademark
Oflice, Korean Patent Apphcatlon No. 10-2017-0010945
filed on Jan. 24, 2017 1in the Korean Intellectual Property
Oflice, and Korean Patent Apphcatlon No. 10-2017-
0010943 filed on Jan. 24, 2017 1n the Korean Intellectual
Property Oflice, the disclosures of which are incorporated by
reference in their entireties herein.

BACKGROUND

1. Technical Field

The present disclosure relates to a semiconductor device,
a semiconductor system, and a method of operating the
semiconductor device.

2. Discussion of Related Art

A system-on-chip (SoC) may include one or more 1ntel-
lectual property (IP) blocks, a clock management unit
(CMU), and a power management umt (PMU). The CMU
may provide clock signals to one or more of the IP blocks,
and may stop providing clock signals to the IP blocks that
are not running, thereby reducing unnecessary waste of
resources 1n a system employing the SoC.

To adjust the provision of clock signals, various clock
sources included in the CMU may be controlled by software
using a special function register (SFR). However, the
response speed may be poor when the provisionming of clock
signals 1s performed using software. Thus, there 1s a need for
a hardware device and a method of controlling such a
hardware device that can be used to provisional clock
signals.

SUMMARY

According to an exemplary embodiment of the inventive
concept, a system on chip (SoC) includes a control circuit
configured to determine whether a requested operating mode
1s one ol a functional mode and a monitoring mode. The
control circuit 1s configured to provide a request signal to at
least one clock circuit to request at least one clock signal and
selectively output one of the at least one clock signal 1n
response to at least one acknowledgment signal receirved
from the at least one clock circuit, when the requested
operating mode 1s the functional mode. The control circuit 1s
configured to selectively output one of the at least one clock
signal without providing the request signal, when the
requested operating mode 1s the monitoring mode.

According to an exemplary embodiment of the inventive
concept, a clock signal output circuit includes a clock
multiplexing circuit configured to receive a plurality of
clock signals from a plurality of clock components and a
logic circuit. The logic circuit outputs a first request signal
to the clock multiplexing circuit when a current mode 1s set
to a functional mode. The clock multiplexing circuit outputs
a second request signal to the clock components in response
to the first request signal, and outputs one of the clock
signals after receiving at least one acknowledgement signal
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2

from at least one of the clock components. The clock
multiplexer outputs one of the clock signals without pro-
viding the second request signal when the current mode 1s
set to a monitoring mode.

According to an exemplary embodiment of the inventive
concept, a clock signal output circuit includes a clock
dividing circuit configured to perform a dividing operation
on a clock signal output by a clock component to generate
a divided clock signal and a logic circuit. The logic circuit
outputs a first request signal to the clock dividing circuit
when a current mode 1s set to a functional mode. The clock
dividing circuit outputs a second request signal to the clock
component in response to the first request signal, and outputs
the divided clock signal after receiving an acknowledgement
signal from the clock component. The clock dividing circuit
outputs the divided clock signal without providing the
second request signal when the current mode 1s set to a
monitoring mode.

According to an exemplary embodiment of the inventive
concept, a method of operating a system on chip (SoC)
includes: determining, by a control circuit of the SoC,
whether to operate in one of a functional mode and a
monitoring mode; when the control circuit determines to
operate 1n the functional mode, providing, by the control
circuit, a request signal to at least one clock circuit of the
SoC; and outputting, by the control circuit, one of a plurality
of clock signals output by the at least one clock circuit after
receiving at least one acknowledgement signal from the at
least one clock circuit, when the control circuit determines
to operate 1n the monitoring mode, outputting, by the control
circuit, one of the plurality of clock signals without provid-
ing the request signal.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present inventive concept will become more apparent
by describing in detail exemplary embodiments thereof with
reference to the attached drawings, 1n which:

FIG. 1 1s a schematic diagram of a semiconductor device
according to an exemplary embodiment of the present
iventive concept;

FIG. 2 1s a schematic diagram of a clock signal output
circuit according to an exemplary embodiment of the present
inventive concept;

FIG. 3 1s a schematic diagram 1llustrating a method of
operating the clock signal output circuit according to an
exemplary embodiment of the present inventive concept;

FIG. 4 1s a schematic diagram 1llustrating a method of
operating the clock signal output circuit according to an
exemplary embodiment of the present inventive concept;

FIG. 5 1s a schematic diagram 1illustrating a method of
operating the clock signal output circuit according to an
exemplary embodiment of the present inventive concept;

FIG. 6 1s a schematic diagram 1llustrating a method of
operating the clock signal output circuit of according to
another embodiment of the present disclosure; and

FIG. 7 1s a block diagram of a semiconductor system to
which a semiconductor device and a method of operating the
semiconductor device according to embodiments of the
present inventive concept can be applied.

DETAILED DESCRIPTION

FIG. 1 1s a schematic diagram of a semiconductor device
1 according to an exemplary embodiment of the present
inventive concept.
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Referring to FIG. 1, the semiconductor device 1 according,
to the present embodiment includes a clock management
unit (CMU) 100, intellectual property (IP) blocks 200 and
210, and a power management unit (PMU) 300. In an
embodiment, an IP block 1s an IP core or reusable unit of
logic or chup layout that 1s the intellectual property of one
party. In an embodiment, each of the IP blocks include a
processor, a graphic processor, a memory controller, and
iput and output interface block, etc.

The PMU 300 controls a power supply to the semicon-
ductor device. For example, when the semiconductor device
enters a standby mode, the PMU 300 cuts ofl power supply
to the SoC by turning off a power control circuit. Here, the
PMU 300 continuously consumes power. However, since
the power consumed by the PMU 300 1s far smaller than that
consumed by the entire semiconductor device, the power
consumption of the semiconductor device 1s significantly
reduced in the standby mode. The PMU 300 may cut ofl
power supply to the CMU 100 11 none of the IP blocks 200
and 210 have made a request for a clock signal within a
pre-defined period of time. The semiconductor device 1 may
be mmplemented as a system-on-chip (SoC) 1n various
embodiments of the present disclosure, but the present
inventive concept 1s not limited thereto.

The CMU 100 provides clock signals to the IP blocks 200
and 210. In the present embodiment, the CMU 100 includes
clock components 120a, 1205, 120c, 1204, 120e, 1207,
120¢, channel management circuits 130 and 132, and a
CMU controller 110. The clock components 120a through
120¢g generate clock signals that are to be provided to the IP
blocks 200 and 210, and the channel management circuits
CM 130 and 132 are disposed between the clock compo-
nents 120/ and 120g and the IP blocks 200 and 210 to
provide communication channels CH between the CMU 100
and the IP blocks 200 and 210. The CMU controller 110
provides clock signals to the IP blocks 200 and 210 using the
clock components 120a through 120g.

In an embodiment of the present inventive concept, the
communication channels CH provided by the channel man-
agement circuits 130 and 132 are implemented to follow
Low Power Interface (LPI), Q-Channel Interface or P-Chan-
nel Interface of ARM Litd. However, the present inventive
concept 1s not limited thereto, and the communication chan-
nels CH can also be implemented to follow a different
communication protocol.

The clock components 120a through 120g include clock
sources (CS) 124a, 1245, 124¢, 124d, 124e, 124/, 124g and

clock control circuits (CC) 122a, 1225, 122¢, 1224, 122e,
122/, 122¢ which control the clock sources 124a through
1249, respectively. The clock sources 124a through 124g
may include, for example, a multiplexer (MUX) circuit, a
clock dividing circuit, a shortstop circuit, and a clock gating
circuit.

The clock components 120a through 120g form a parent-
chuld relationship with each other. In the present embodi-
ment, the clock component 120a 1s a parent of the clock
component 1205, and the clock component 1205 1s a child
of the clock component 120a and a parent of the clock
component 120c¢. In addition, the clock component 120e 1s
a parent of two clock components 1207/ and 120g, and the
clock components 1207 and 120g are children of the clock
component 120e. In the present embodiment, the clock
component 120a located closest to a phase locked loop
(PLL) 1s a root clock component, and the clock components
120/ and 120g located closest to the IP blocks 200 and 210
are leat clock components. The parent-child relationship 1s
also, 1mevitably, formed between the clock control circuits
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122a through 122¢ and between the clock sources 124aq
through 124¢ according to the parent-child relationship
between the clock components 120a through 120g.

The clock control circuits 122a through 122g exchange a
clock request REQ and an acknowledgement ACK {for the
clock request REQ) between a parent and a child and provide
clock signals to the IP blocks 200 and 210. The first clock
control circuit 122a (1.e., the root clock component), which
receives a clock request REQ having an activated level (e.g.,
second logic level) from the clock control circuit 1225
ecnables the first clock source 124a and transmits an
acknowledgement ACK to the second clock control circuit
122b6. The second clock control circuit 12256 enables the
second clock source 1245 1n response to receipt of the ACK
from the first clock control circuit 122q, and transmits an
ACK to the third clock control circuit 122¢. The process
repeats with the third, fourth, and fifth clock control circuits
122c-122e¢.

If the IP block 200 does not need a clock signal, for
example, 1f the IP block 200 needs to be 1n a sleep state, the
CMU 100 stops providing the clock signal to the IP block
200.

Specifically, the channel management circuit 130 trans-
mits to the IP block 200 a first signal indicating that 1t wall
stop providing a clock signal under the control of the CMU
100 or the CMU controller 110. The IP block 200 which
receives the first signal transmits to the channel management
circuit 130 a second signal indicating that the provision of
the clock signal can be stopped after the completion of an
operation being processed. The channel management circuit
130 which recerves the second signal from the IP block 200
requests the clock component 120/, 1.¢., 1ts parent to stop
providing the clock signal.

In an example, 11 the communication channel CH pro-
vided by the channel management circuit 130 follows
Q-Channel Interface, the channel management circuit 130
transmits a QREQn signal having a first logic value (e.g.,
logic low, hereinafter indicated by reference character “L”’)
to the IP block 200 as the first signal. Then, when receiving
a QACCEPTn signal having the first logic value from the IP
block 200 as the second signal, the channel management
circuit 130 transmits a clock request REQ having the first
logic value to the clock component 120/. In this case, the
clock request REQ having the first logic value 1s a “clock
provision stop request.”

The clock control circuit 122/ which recerves the clock
request REQ (1.e., the clock provision stop request) having
the first logic value from the channel management circuit
130 stops providing a clock signal by disabling the clock
source 124/ (e.g., the clock gating circuit). Accordingly, the
IP block 200 can enter a sleep mode. In this process, the
clock control circuit 122 may provide an acknowledgement
ACK having the first logic value to the channel management
circuit 130. However, 1t should be noted that even il the
channel management circuit 130 receives the acknowledge-
ment ACK having the first logic value after transmitting the
clock provision stop request having the first logic value, 1t
does not guarantee the stoppage of clock provision by the
clock source 124f. The acknowledgement ACK merely
means the clock control circuit 122f1s aware of the fact that
the clock component 120/ (i.e., a parent of the channel
management circuit 130) no longer needs to provide a clock
signal to the channel management circuit 130.

Meanwhile, the clock control circuit 1227 of the clock
component 120/ transmits a clock request REQ having the
first logic value to the clock control circuit 122¢ of the clock
component 120e which 1s its parent. If the IP block 210 also
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does not need a clock signal, for example, if the clock
control circuit 122¢ receives the clock provision stop request
from the clock control circuit 122g, the clock control circuit
122¢ stops providing the clock signal by disabling the clock
source 124e (e.g., the clock dividing circuit). Accordingly, >
the IP blocks 200 and 210 can enter the sleep mode.

The above operation may be performed in the same way
for other clock control circuits 122a through 1224

Although the clock control circuit 122f of the clock
component 120/ transmits the clock request REQ having the
first logic value to the clock control circuit 122¢ of the clock
component 120e which 1s its parent, 1f the IP block 210 1s
running, the clock control circuit 122¢ cannot disable the
clock source 124e. Only when the IP block 210 no longer
needs a clock signal, can the clock control circuit 122¢
disable the clock source 124e¢ and transmit a clock request
REQ having the first logic value to the clock control circuit
1204 which 1s 1ts parent. That 1s, the clock control circuit
122¢ can disable the clock source 124e only when receiving 20
the clock provision stop request from both of the clock
control circuits 122f and 122g.

When the IP blocks 200 and 210 are 1n the sleep state, all
of the clock sources 124a through 124/ may be disabled.

Then, when the IP block 200 enters the running state, the 25
CMU 100 resumes providing clock signals to the IP blocks
200 and 210.

The channel management circuit 130 transmits a clock
request REQ) having a second logic value (e.g., logic high,
heremnafter indicated by reference character “H”) to the 30
clock control circuit 122f of the clock component 120f
which 1s its parent and waits for an acknowledgement ACK
from the clock control circuit 122f. Here, the clock request
REQ having the second logic value 1s a “clock provision
request,” and the acknowledgement ACK for the clock 35
provision request indicates that clock provision by the clock
source 124f has been resumed. The clock control circuit 1227
cannot immediately enable the clock source 124f (e.g., the
clock gating circuit) but waits for the provision of a clock
signal by 1ts parent. 40

Then, the clock control circuit 122/ transmits a clock
request REQ (1.e., the clock provision request) having the
second logic value to the clock control circuit 122¢ which 1s
its parent and waits for an acknowledgement ACK from the
clock control circuit 122e. This operation may be performed 45
in the same way for the clock control circuits 122a through
122d.

The clock control circuit 1224, 1.e., the root clock com-
ponent which receives a clock request REQ having the
second logic value from the clock control circuit 1225 50
enables the clock source 124a (e.g., the MUX circuit) and
transmits an acknowledgement ACK to the clock control
circuit 1225. After the clock sources 1245 through 124e¢ are
ecnabled sequentially 1n this way, the clock control circuit
122¢ finally transmits to the clock control circuit 122f an 55
acknowledgement ACK notifying that the clock provision
by the clock source 124e¢ has been resumed. The clock
control circuit 122/ which receives the acknowledgement
ACK provides a clock signal to the IP block 200 by enabling
the clock source 124f and provides an acknowledgement 60
ACK to the channel management circuit 130.

The clock control circuits 122a through 122¢ operate 1n a
tull handshake way (e.g., synchronous handshaking) in
which a clock request REQ and an acknowledgement ACK
tor the clock request REQ are exchanged between a parent 65
and a child. Accordingly, the clock control circuits 122a
through 122¢ can control clock signals provided to the IP
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blocks 200 and 210 by controlling the clock sources 124a
through 124¢ 1n a hardware-wise manner.

The clock control circuits 122a through 122¢ may trans-
mit a clock request REQ to their parents or control the clock
sources 124a through 1249 by operating on their own or
under the control of the CMU controller 110. In an embodi-
ment of the present mventive concept, the clock control
circuits 122a through 122¢ respectively include finite state
machines (FSMs) which control the clock sources 124a
through 124¢g according to a clock request REQ exchanged
between a parent and a child.

In the present embodiment, the semiconductor device 1
turther includes a clock signal output circuit 140 and an
output pin 150. The clock signal output circuit (CO) 140
receives a plurality of clock signals CLK from the clock
sources 124a through 124/ and outputs any one clock output
signal CLK_OUT of the clock signals CLK to the output pin
150. The clock output signal CLK_OUT output from the
output pin (I/0) 150 may be used to monitor the clock signals
CLK or may be functionally used to drive a device provided
outside the semiconductor device 1. The clock signal output
circuit 140 may eirther monitor the clock signals CLK or
output a particular one of the clock signals CLK according
to the state of an iput operating mode control signal MS. In
an embodiment, the clock output circuit 140 1s driven by a
reference clock signal of a different clock domain than the
clock signals 1t receives to output. In an embodiment, the
components within the clock output circuit 140 are driven by
the reference clock signal.

While FIG. 1 shows a tree of clock components including
a cascade of five clock components and two leaf clock
components, the mventive concept 1s not limited thereto. In
alternative embodiments, one or more of these clock com-
ponents may be omitted. In a first embodiment, only the first
clock component 120a and the first leal clock component
120/ are present, the second-fifth clock components 1205-
120¢ are omitted, and the second leaf clock component 120g
1s omitted. In a second embodiment, only the second clock
component 12056 and the first leat clock component 1207 are
present, the first clock component 120aq 1s omitted, the
third-fifth clock components 120¢-120e are omitted, and the
second leal clock component 120g 1s omitted. In a third
embodiment, only the third clock component 120¢ and the
first leat clock component 120f are present, the first-second
clock components 120a-b are omitted, the fourth-fifth clock
components 120d-e are omitted, and the second leaf clock
component 120g 1s omitted. In a fourth embodiment, only
the fourth clock component 1204 and the first leal clock
component 1207 are present, the first-third clock components
120a-¢ are omitted, the fifth clock component 120e 1s
omitted, and the second leal component 120g 1s omitted. In
a fifth embodiment, only the fifth clock component 120e and
the first leal clock component 120f are present, the first-
fourth clock components 120a-1204 are omitted, and the
second leal clock component 120g 1s omitted. These
embodiments may be varied further with various other
combinations. For example, in a sixth embodiment, the
first-second clock components 120a-1206 are present, the
first leal clock component clock 120f i1s present, the third-
fifth clock components 1205-¢ are omitted, and the second
leat clock component 120g 1s omitted.

In an exemplary embodiment, the clock component 120q
is a PLL controller that receives a constant or variable
frequency signal from an oscillator OSC or a PLL signal
output by a PLL, and outputs one of the two received signals
based on a certain condition. In an embodiment, when the
PLL 1s powered down, the first clock component 120q
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switches from the PLL to the OSC. When the components
need the PLL signal, the PLL controller outputs the PLL
signal. When the components need the oscillator signal, the
PLL controller outputs the oscillator signal. When a com-
ponent using an output of the PLL 1s not present, in an
embodiment of the inventive concept, the PLL controller
turns off the PLL. In an alternate embodiment, when the
component using the output of the PLL is not present, the
PLL controller automatically controls the PLL to enter a
bypass mode. In another alternate embodiment, when the
component using the output of the PLL 1s not present, the
PLL controller does not atiect the operation of the PLL at all.

In an exemplary embodiment of the inventive concept, the
clock component 12056 1s a clock multiplexer (MUX) unit
that receives a first clock signal CLK1 output from clock
component 120a and a second clock signal CLLK2 that may
be provided from an external source such as an external

CMU.

In an exemplary embodiment, the clock component 120c¢
1s a clock dividing unit such as a clock divider circuit (e.g.,
a Irequency dividing circuit). The clock divider circuit takes
an 1nput signal of an mput frequency and generates an output
signal with an output frequency of the input frequency
divided by a clock division ratio. For example, the division
ratio may be an integer greater than 1.

In an exemplary embodiment, the clock component 1204
1s a shortstop unit (e.g., shortstop circuit). In an embodiment,
the shortstop unit provides a clock signal with a plurality of
pulses during a first period, stops these pulses during a
second period after the first period, and resumes the pulses
during third period after the second period.

In an exemplary embodiment of the mventive concept,
cach of the leaf clock components 120/ and 120g 1s a clock
gating unit. In an embodiment where the leaf clock compo-
nents 1207 and 120g are clock gating units, each component
includes a clock gate circuit.

FIG. 2 1s a schematic diagram of a clock signal output
circuit 140 according to an exemplary embodiment of the
present mventive concept.

Referring to FIG. 2, the clock signal output circuit 140

according to the present embodiment includes first and
second clock components 141a and 1415, an FSM 143, and
a clock gating circuit 145. The FSM 143 may be imple-
mented by one or more logic circuits. In an embodiment,
either the first clock component 141a or the second clock
component 1415 1s omitted. When the first clock component
141a 1s omitted, clock source 144b only receives a single
clock signal. In an embodiment, the first clock component
141a 1s driven by a reference clock signal having a different
clock domain (e.g., different frequency) than the clock
signals 1t receives (1.e., CLK[n:0]). In an embodiment, the
second clock component 1415 1s driven by a reference clock
signal havmg a different clock domain than the clock signal
it receives from clock source 144a.

The first clock component 141a includes a clock control
circuit (CC) 142a and a clock source (CS) 144a. Here, the
clock source 144a includes a multiplexer MUX circuit
which receives a plurality of clock signals CLK[n:0] and
selects one of the clock signals CLK|[n:0]. The clock control
circuit 142a controls the clock source 144a 1n a hardware-
wise manner, transmits one or more clock requests REQ|n:
0] to the clock control circuits 122a through 122g, and
receives one or more acknowledgements ACK|[n:0] from the
clock control circuits 122a through 122¢. The clock control
circuit 142a may control the clock source 144a in a hard-
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ware-wise manner by sending a control signal to the clock
source 144a to select which of the mput clock signals
CLK[n:0] to output.

The second clock component 1415 includes a clock
control circuit (CC) 1425 and a clock source 144b. Here, the
clock source 144b includes a clock dividing (CD) circuit
which divides a clock signal output from the clock source
144a by a dividing ratio. The dividing ratio may be an
integer greater than 1 as an example. Since the clock signal
output from the clock source 144a can have a high frequency
which may be diflicult for the output pin 150 of the semi-
conductor device 1 to operate with, the clock source 144b
may be used to lower the frequency of the clock signal
output from the clock source 144a. The clock control circuit
1426 controls the clock source 1445 in a hardware-wise
manner, transmits a clock request to the clock control circuit
142a, and receives an acknowledgement from the clock
control circuit 142a. The clock control circuit 14256 may
control the clock source 1445 1n a hardware-wise manner by
sending a control signal to the clock source 1446 that
enables the clock source 144b to perform a dividing opera-
tion. The clock request transmitted to the clock control
circuit 142a may indicate that the second clock component
14156 needs a clock signal. The acknowledgement received
by the clock control circuit 1425 may indicate that the first
clock component 141a has begun outputting the clock signal
or that the first clock component 141a 1s aware that the
second clock component 1415 needs the clock signal.

The FSM 143 determines an operating state (mode) of the
clock signal output circuit 140 according to an operating
mode control signal MS. The clock signal output circuit 140
may operate 1 a “monitoring mode” for monitoring any one
of a plurality of clock signals output from the clock sources
124a through 124g or 1n a “functional mode™ for transmit-
ting the any one of the clock signals to a device provided
outside the semiconductor device 1. For example, the clock
signal output circuit 140 operates in the monitoring mode
when the operating mode control signal MS 1s at a first logic
level and operates 1n the functional mode when the operating
mode control signal MS 1s at a second logic level different
from the first logic level. In an embodiment, the FSM 143
does not change i1ts mode until 1t recerves an acknowledge-
ment signal. For example, 1f the current mode of the FSM
143 1s the monitoring mode, and it receives an operating,
mode control signal MS indicating 1t should change to the
functional mode, the FSM 143 may output a request signal
to cause clock signals to be output by the clock components
(e.g., 1204-120g), and then upon receiving at least one
acknowledgement signal from these clock components, the
FSM 143 can change 1ts mode to the functional mode. If the
FSM 143 does not recerve the at least one acknowledgement
signal within a certain time period, the FSM 143 can either
remain 1n the monitoring mode or re-send the request signal.
In an embodiment, the second clock component 1415 com-
municates with the first clock component 141a and the FSM
143 using synchronous handshaking (i.e., using requests and
acknowledges).

The clock gating circuit 145 gates a clock signal CLK_
OUT output from the clock signal output circuit 140 accord-
ing to an enable signal EN, thereby preventing an unneces-
sary clock signal from being output when the clock signal
output circuit 140 1s not used.

In an exemplary embodiment of the present mventive
concept, the operating mode control signal MS and the
enable signal EN are provided by software using a special
function register (SFR). However, the present inventive
concept 1s not limited thereto, and a control circuit which
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generates the operating mode control signal MS and the
enable signal EN can also be implemented 1n the semicon-
ductor device 1.

FIG. 3 1s a schematic diagram illustrating a method of
operating the clock signal output circuit 140 according to an
exemplary embodiment of the present inventive concept.

Referring to FIG. 3, the clock signal output circuit 140 1s
depicted as operating in the functional mode. When the
clock signal output circuit 140 1s operating 1n the functional
mode to provide a clock signal for driving a device outside
the semiconductor device 1, the clock signal output circuit
140 operates as a clock component described above with
reference to FIG. 1.

Specifically, in the functional mode, the clock signal
output circuit 140 may transmit a clock request REQ[3:0] to
its parent clock components 1205 through 120e and receive
an acknowledgement ACK[3:0] 1n response to the clock
request REQ[3:0]. That 1s, to drive a device provided outside
the semiconductor device 1, the clock signal output circuit
140 may transmit the clock request REQ[3:0] to each of the
parent clock components 1205 through 120e.

The clock request REQ[3:0] transmitted from the clock
signal output circuit 140 may be forwarded to each of the
parent clock components 1205 through 120e. For example,
the clock request REQ[3] may be forwarded to the parent
clock component 1205 and the clock request REQ[2] may be
forwarded to the parent clock component 120c. The
acknowledgement ACK][3:0] transmitted from each of the
parent clock components 1205 through 120e may be for-
warded to the clock signal output circuit 140. For example,
the acknowledgement ACK|[3] from the parent clock com-
ponent 1206 and the acknowledgement ACK|[2] from the
parent clock component 120¢ may be forwarded to the clock
signal output circuit 140.

The clock signal output circuit 140 selects any one of
clock signals CLK][O] through CLK][3] received from the
parent clock components 1205 through 120e and outputs the
selected clock signal to the output pin 150.

FIG. 4 1s a schematic diagram illustrating a method of
operating the clock signal output circuit 140 according to an
exemplary embodiment of the present inventive concept.

Referring to FIG. 4, the clock signal output circuit 140 1s
depicted as operating in the monitoring mode. When the
clock signal output circuit 140 1s operating in the monitoring
mode to monitor clock signals inside the semiconductor
device 1, the clock signal output circuit 140 does not
transmit any clock request to 1ts parent clock components

12056 through 120e. This 1s because when the clock signal
output circuit 140 transmits a clock request to any one of the
parent clock components 12056 through 120e, the configu-
ration for clock signals mside the semiconductor device 1 1s
changed, which may prevent accurate monitoring.

The clock signal output circuit 140 selects any one of
clock signals CLK][O] through CLK[3] received from the
parent clock components 1205 through 120e and outputs the
selected clock signal to the output pin 150.

FIG. 5 1s a schematic diagram illustrating a method of
operating the clock signal output circuit 140 according to an
exemplary embodiment of the present inventive concept.

Referring to FIG. 5, the clock source 144a of the clock
signal output circuit 140 includes the MUX circuit. There-
tore, the clock source 144a selects any one of a plurality of
iputs, 1.¢., a plurality of clock signals CLK][n:0] according
to a select signal SEL provided by the clock control circuit
142a.

When the clock control circuit 142a of the clock signal
output circuit 140 needs to change a value of the select
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signal SEL during the operation of the semiconductor device
1, the clock control circuit 142q transmits a clock request
REQ to its parent clock control circuits. To this end, the
clock control circuit 142a of the clock signal output circuit
140 may generate, on 1ts own, the clock request REQ) that 1s
to be transmitted to the parent clock control circuits.

Specifically, 11 parents of the clock signal output circuit
140 include a first parent (P1) 170 which 1s currently
providing a clock signal to the clock source 144a and a
second parent (P2) 172 which desires to provide a clock
signal to the clock source 144a, the clock control circuit
142a transmits the clock request REQ) to both of the parents
170 and 172 to deselect the clock signal being provided by
the first parent (P1) 170 and to select the clock signal that 1s
to be provided by the second parent (P2) 172 by changing
the value of the select signal SEL. Accordingly, when 1t 1s
guaranteed that the clock signals are being provided to the
clock source 144a from both of the parents 170 and 172, the
clock control circuit 142a of the clock signal output circuit
140 then provides the select signal SEL having the changed
value to the clock source 144a.

The fact that the clock signals are being provided to the
clock source 144a from both of the parents 170 and 172 can
be ascertained from an acknowledgement ACK recerved
from a clock control circuit of each of the parents 170 and
172. That 1s, after the clock control circuit 142a receives the
acknowledgement ACK for the clock request REQ from the
clock control circuit of each of the parents 170 and 172, the
clock source 144a can change its selection according to the
changed select signal SEL. For example, if the MUX 144q
1s currently outputting a first clock signal CLK1 due to the
select signal SEL being set to a first logic level, and the clock
control circuit 142a needs to cause output of the second
clock signal CLLK2, the clock control circuit 142a outputs
the clock request REQ to both of the parents 170 and 172,
and then changes the select signal SEL to a second logic
level only after receiving an acknowledgement ACK from
both parents 170 and 172.

FIG. 6 1s a schematic diagram 1llustrating a method of
operating the clock signal output circuit 140 according to an
exemplary embodiment of the present inventive concept.

Retferring to FIG. 6, the clock source 1445 of the clock
signal output circuit 140 includes the clock dividing circuit.
Therefore, the clock source 1445 may generate a divided
clock signal D_CLK by dividing a clock signal CLK output
from the clock source 144a based on a division ratio D VAL
provided by the clock control circuit 1425.

When the clock control circuit 14256 of the clock signal
output circuit 140 needs to change a value of the division
ratio D_VAL during the operation of the semiconductor
device 1, the clock control circuit 14254 transmits a clock
request REQ to the clock control circuit 1424. To this end,
the clock control circuit 1425 of the clock signal output
circuit 140 may generate, on 1ts own, the clock request REQ)
that 1s to be transmitted to the clock control circuit 142a.

Accordingly, when 1t 1s guaranteed that the clock signal
CLK 1s being provided to the clock source 144H from the
clock source 144a, the clock control circuit 1426 of the
clock signal output circuit 140 may transmit the division
ratio D_VAL having the changed value to the clock source
1445.

The fact that the clock signal CLK 1s being provided to the
clock source 1445 from the clock source 144a can be
ascertained from an acknowledgement ACK received from
the clock control circuit 142a. That 1s, after the clock control
circuit 14256 receives the acknowledgement ACK {for the
clock request REQ from the clock control circuit 142a, the
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clock source 144b can divide the clock signal CLK accord-
ing to the changed division ratio D_VAL. For example, 1f the
clock dividing circuit 1446 previously or 1s currently out-
putting a divided clock signal D_CLK that was generated as
a result of dividing an 1put clock signal CLK by a division
ratio D_VAL of a first value, and the clock control circuit
1425 needs to change the value of the division ratio D_ VAL
to a second other wvalue, the clock control circuit 1425
outputs a clock request REQ to the clock control circuit
142a, and then changes the division ratio D_VAL to the
second value only after receiving an acknowledgement ACK
from the clock control circuit 142a.

FIG. 7 1s a block diagram of a semiconductor system to
which a semiconductor device and a method of operating the
semiconductor device according to embodiments of the
present mventive concept can be applied.

Referring to FIG. 7, the semiconductor system to which
the semiconductor device and the method of operating the
semiconductor device according to the embodiments of the
present inventive concept can be applied mncludes an SoC 1
having the above-described features, a processor 10, a
memory 20, a display 30, a network device 40, a storage
device 50, and an mput/output (I/0) device 60. The SoC 1,
the processor 10, the memory 20, the display 30, the network
device 40, the storage device 50, and the I/O device 60 can
exchange data with each other through a bus 70.

IP blocks of the SoC 1 which have been mentioned in
various embodiments of the present disclosure may include
at least one of a memory controller which controls the
memory 20, a display controller which controls the display
30, a network controller which controls the network device
40, a storage controller which controls the storage device 50,
and an mput/output (I/0O) controller which controls the I/O
device 60. The semiconductor system may further include an
additional processor 10 which controls these devices.

While the present inventive concept has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and detail may
be made therein without departing from the spirit and scope
of the present inventive concept.

What 1s claimed 1s:

1. A system on chip (SoC) comprising;:

a clock management unit (CMU) comprising a plurality of
clock circuits, a control circuit and an output pin, the
CMU configured to receive a request signal from a first
external device or the control circuit, and generate a
clock signal using the plurality of clock circuits 1n
response to the request signal,

wherein the control circuit 1s configured to determine
whether the CMU 1s to operate in one of a functional
mode and a monitoring mode,

wherein the control circuit 1s configured to provide the
request signal to at least one of the clock circuits and
selectively provide one of a plurality of outputs of the
clock circuits to the output pin 1n response to at least
one acknowledgment signal received from at least one
of the clock circuits, when the CMU 1s determined to
operate 1n the functional mode, and

wherein the control circuit 1s configured to selectively
provide one of the plurality of outputs to the output pin
without providing the request signal to any of the clock
circuits, when the CMU 1s determined to operate 1n the
monitoring mode.

2. The SoC of claiam 1, wherein the control circuit

comprises a finite state machine configured to determine
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whether the CMU 1s to operate 1n the functional mode or the
monitoring mode 1n response to a received mode control
signal.

3. The SoC of claam 1, wherein the outputs provide at
least one internal clock signal and the control circuit is
driven by a reference clock signal of a different clock
domain than the at least one internal clock signal.

4. The SoC of claam 1, wherein the control circuit
comprises a clock gating circuit that 1s configured to selec-
tively provide the one output to the output pin in response to
an enable signal.

5. The SoC of claim 1, wherein the control circuit
COmMprises:

a first clock control circuit configured to receive the at
least one acknowledgement signal, provide the request
signal, and output a select signal; and

a multiplexer configured to receive the outputs and pro-
vide one of the received outputs based on receipt of the
select signal.

6. The SoC of claim 5, wherein the first clock control
circuit changes the select signal to a new value only after
receiving an acknowledgement signal from a first one of the
clock circuits generating a clock signal currently being
output by the multiplexer and an acknowledgement signal
from a second other one of the clock circuits generating a
clock signal to next be output by the multiplexer.

7. The SoC of claim 5, wherein control circuit further
COmMprises:

a second clock control circuit configured to receive the at
least one acknowledgement signal from the first clock
control circuit, provide the request signal to the first
clock control circuit, and output a division ratio; and

a clock dividing circuit configured to perform a dividing
operation on the clock signal output by the multiplexer
using the dividing ratio to generate a divided clock
signal, and output the divided clock signal as the one
output.

8. The SoC of claim 7, wherein the second clock control
circuit changes the division ratio to a new value only after
receiving acknowledgement signal from the first clock con-
trol circuit.

9. The SoC of claim 1, wherein the output pin 1s config-
ured to provide the one output to a second external device.

10. The SoC of claiam 1, wherein the clock circuits
communicate with one another using synchronous hand-
shaking to provide the clock signal to the first external
device, wherein the first external device 1s an intellectual
property (IP) block.

11. A semiconductor system comprising the SoC of claim
10.

12. The semiconductor system of claim 11, further com-
prising a memory, wherein the IP block 1s a memory
controller configured to control the memory.

13. The semiconductor system of claim 11, further com-
prising a display, wherein the IP block 1s a display controller
configured to control the display.

14. The semiconductor system of claim 11, further com-
prising a network device, wherein the IP block 1s a network
controller configured to control the network device.

15. The semiconductor system of claim 11, further com-
prising a bus enabling the SoC to communicate with the IP
block.

16. A clock signal output circuit configured to communi-
cate with a clock management unit (CMU) comprising a
plurality of clock circuits, the CMU configured to generate
a clock signal using the clock circuits in response to a
request signal, the clock signal output circuit comprising:
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a clock multiplexing circuit configured to receive a plu-
rality of clock signals from a outputs of the plurality of
clock circuaits,

a logic circuit; and

an output pin,

wherein the logic circuit outputs a control signal to the
clock multiplexing circuit when a current mode 1s set to
a Tunctional mode,

wherein the clock multiplexing circuit outputs the request
signal to the clock circuits 1n response to the control
signal, and outputs one of the outputs to the output pin
alter receiving at least one acknowledgement signal
from at least one of the clock circuits, and

wherein the clock multiplexing circuit outputs one of the

outputs to the output pin without providing the request
signal to any of the clock circuits when the current
mode 1s set to a monitoring mode.

17. The clock signal output circuit of claim 16, further
comprising a clock gate circuit configured to selectively
output the one output 1n response to an enable signal.

18. A system on chip comprising the clock signal output
circuit of claim 16.

19. A clock signal output circuit configured to communi-
cate with a clock management unit (CMU) comprising a
clock circuit, the CMU configured to generate a clock signal
using the clock circuit 1n response to a request signal, the
clock signal output circuit comprising:

a clock dividing circuit configured to perform a dividing
operation on the clock signal output by the clock circuit
to generate a divided clock signal;

a logic circuit; and

an output pin,

wherein the logic circuit outputs a signal to the clock
dividing circuit when a current mode 1s set to a func-
tional mode,

wherein the clock dividing circuit outputs the request
signal to the clock circuit 1n response to the control
signal, and outputs the divided clock signal to the
output pin after receiving an acknowledgement signal
from the clock circuit, and

wherein the clock dividing circuit outputs the divided
clock signal to the output pin without providing the
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request signal to the clock circuit when the current
mode 1s set to a monitoring mode.

20. The clock signal output circuit of claim 19, further
comprising a clock gate circuit configured to selectively
output the divided clock signal i1n response to an enable
signal.

21. A system on chip comprising the clock signal output
circuit of claim 19.

22. A method of operating a system on chip (SoC)
comprising a clock management unit (CMU) comprising a
plurality of clock circuits, a control circuit and an output pin,
the CMU configured to recerve a request signal from a first
external device or the control circuit, and generate a clock
signal using the plurality of clock circuits in response to the
request signal, the method comprising:

determiming, by the control circuit of the SoC, whether to

operate 1n one of a functional mode and a monitoring,
mode;

when the control circuit determines to operate in the

functional mode,

providing, by the control circuit, the request signal to at
least one of the clock circuits of the SoC; and

providing, by the control circuit, one of a plurality of
outputs of the clock circuits to the output pin after
receiving at least one acknowledgement signal from
at least one of the clock circuits,

when the control circuit determines to operate in the

monitoring mode,

providing, by the control circuit, one of the outputs to
the output pin without providing the request signal to
any of the clock circuits.

23. The method of claim 22, further comprises applying
a selection signal to a multiplexer of the control circuit to
switch from a previous clock signal to a new clock signal
only after receiving acknowledgement signals from the
clock circuit providing the previous clock signal and the
clock circuit providing the new clock signal.

24. The method of claim 23, further comprises applying
a division ratio to a clock dividing circuit of the control
circuit to perform a dividing operation on an output of the
multiplexer using the division ratio only after receiving an
acknowledgement signal from the multiplexer.
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